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(54) Photographic bleaching compositions and method of processing color reversal or color 
negative elements 



(57) Color reversal or color negative photographic 
elements can be effectively processed to provide posi- 
tive color images using bleaching or bleach-fixing com- 
positions in which the primary bleaching agent is a ferric 
complex of 1 ,3-propylenediaminetetraacetic acid or a 
salt thereof. Any potential precipitation of the bleaching 
agent is inhibited by the presence of at least 0.005 mol/ 
I of an organic polyphosphonic acid, an aminopolysuc- 



cinic acid, or a polycarboxylic acid containing at least 
one hydroxy group as a compound. This compound can 
be added directly to the bleaching or bleach-fixing com- 
position or introduced from carryover from a previous 
photoprocessing step, such as a prebleaching step us- 
ing color reversal processing. 
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Description 

[0001] This invention relates to improved photographic bleaching compositions and to methods for their use to pro- 
vide positive or negative color images in color reversal or color negative photographic silver halide elements. Thus, 

5 this invention relates to the photographic industry and to photochemical processing in particular. 

[0002] The conventional image-forming process of silver halide photography includes imagewise exposure of a color 
photographic silver halide recording material to actinic radiation (such as visible light), and the eventual manifestation 
of a useable image by wet photochemical processing of that exposed material. A fundamental step of photochemical 
processing is the treatment of the material with one or more developing agents to reduce silver halide to silver metal. 

10 A~use7urcblor image~cons7sts of one oFmbre images in 'orga hie dyes produced Trom an oxidized developing agent 
formed wherever silver halide is reduced to metallic silver. 

[0003] To obtain useful color images, it is usually necessary to remove ail of the silver from the photographic element 

after col or dev elopment. This is sometimes known as "desilvering". Removal of silver is generally accomplished by 

oxidizing the metallic silver, and then dissolving it and undeveloped silver halide with a "solvent" or fixing agent in what 
15 js known as a fixing step. Oxidation is achieved with an oxidizing agent, commonly known as a bleaching agent. 

[0004] Color photographic elements can be designed to provide either color negative or color positive images. For 
example, color negative images can be produced by imaging and appropriate color processing of imagewise exposed 
color negative films. The typical commercial processing methods for such films generally include color development, 
bleaching, fixing and final rinsing or stabilizing steps (for example, the conventional Process C-41 method commer- 
ce cialized by Eastman Kodak Company). 

[0005] A commercially important process intended for providing positive color images can include the following se- 
quence of processing steps: first (or black-and-white) development, reversal reexposure, color development, bleaching, 
fixing, washing and/or stabilizing. Another useful process has the same steps, but stabilizing (or prebleaching) is carried 
out between color development and bleaching. Such conventional steps are described, for example, in US-A-4,921 ,779 
25 (Cullinan et al), US-A-4,975,356 (Cullinan et al), US-A-5,037,725 (Cullinan et al), US-A-5,523,195 (Darmon et al) and 
US-A-5,552,264 (Cullinan et al) for the processing of color reversal films, and are commercialized for example as 
Process E-6 and Process K-12 by Eastman Kodak Company. 

[0006] The most common bleaching agents for color photographic processing are complexes of ferric ion and various 
organic chelating ligands (such as aminopolycarboxylic acids), of which there are hundreds of possibilities, all with 
30 varying bleaching activities and biodegradability. Common organic chelating ligands used as part of bleaching agents 
for color negative film processing include ethylenediaminetetraacetic acid (EDTA), 1 ,3-propylenediaminetetraacetic 
acid (PDTA) and nitrilotriacetic acid (NTA). 

[0007] Ferric complexes with PDTA or its salts are excellent bleaching agents that are commonly used in processing 
color negative films in the commercial Process C-41 processing method. 

35 [0008] Attempts to use these effective and inexpensive bleaching agents to process color reversal films successfully 
have encountered a problem. The bleaching agents tend to form thick, gelatinous precipitates in the presence of inor- 
ganic phosphate ions. Such ions are common in various photoprocessing compositions, notably the color developing 
and prebleaching compositions that are often used in processing color reversal materials. Phosphate ions in these 
compositions are apparently carried over into the bleaching solution. If the PDTA-based bleaching agents are present, 

40 the undesirable precipitates are formed. 

[0009] One way to solve this problem is to remove the phosphate ions from the various processing compositions so 
carryover solutions do not contaminate the bleaching composition. It has not been possible to remove sufficient inor- 
ganic phosphate ions from all of those compositions. 

[0010] Thus, there remains a need for PDTA bleaching or bleach-fixing compositions that are free of precipitates in 
45 the presence of inorganic phosphate ions. 

[0011] The problems with known photographic photoprocessing compositions and methods are overcome with the 
use of a photographic bleaching or bleach-fixing composition that in aqueous form has a pH of at least 4 and comprises: 

a) at least 0.01 mol/l of a bleaching agent that comprises ferric ion chelated with 1 ,3-propylenediaminetetraacetic 
50 acid or a salt thereof, and 

b) at least 0.005 mol/l of an organic polyphosphonic acid, an aminopolysuccinic acid, or a polycarboxylic acid 
containing at least one hydroxy group as a compound to prevent bleaching agent precipitation. 

[0012] This invention also provides a photographic prebleaching composition that is in aqueous form has a pH of at 
55 least 4 and comprises: 

c) at least 0.001 mol/l of a photographic prebleaching chemical, and 

d) at least 0.01 mol/i of an organic polyphosphonic acid, an aminopolysuccinic acid, or a polycarboxylic acid con- 
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taining at least one hydroxy group as a compound to prevent bleaching agent precipitation 

[001 3J This invention also provides a method of photographic processing comprising bleaching or bleach-fixing an 
imagewise exposed and color developed color reversal or color negative photographic silver halide element with the 
5 photographic bleaching composition or photographic prebleaching composition described above. 

[0014] The advantages of this invention are several. The color photographic elements can be processed using a 
highly effective and inexpensive photographic bleaching agent for color processing without the problem of precipitation 
if inorganic phosphate ions are present. Because a more effective bleaching agent can be used, less of it is discharged 
to the environment in effluent. Moreover, other components in the bleaching composition may be lessened, thereby 
io further lowering costs and environmental impact. 

[001 5] The precipitate problem is overcome by having certain bleaching agent precipitation preventing compounds 
in the bleaching or bleach-fixing composition. These compounds can be introduced into the bleaching or bleach-fixing 
composition of this invention directly (for example during manufacturing or use), or by carryover from prior processing 
solutions, such as a photographic prebleaching solution. Generally, the bleaching agent precipitation preventing com- 
pounds used in the practice of this invention are present in the bleaching or bleach-fixing composition in an amount of 
at least 50% of the concentration of the inorganic phosphate ions that can be 0.0005 mol/l or more. 
[001 6] The photographic bleaching or bleach-fixing composition and method of this invention can be used to provide 
a color positive or color negative image in what are known in the art as color reversal or color negative photographic 
elements, respectively. After such elements are imagewise exposed and subjected to at least color development, they 
are bleached and fixed to remove silver, and otherwise processed using conventional steps and compositions (such 
as using conventional Process E-6 conditions for color positive images and conventional Process C-41 conditions and 
solutions for color negative images). 

[0017] Photographic bleaching or bleach-fixing is carried out in one or more bleaching and/or bleach-fixing steps 
using a particularly desirable bleaching agent that is a ferric complex of 1 ,3-propylyenediaminetetraacetic acid (PDTA), 
or a suitable ammonium or alkali metal salt thereof. This is the primary bleaching agent in the bleaching or bleach- 
fixing composition meaning that it comprises at least 50 mol % of all ferric complex bleaching agents in the composition. 
Preferably, the primary bleaching agent comprises at least 70 mol % of the total iron complex bleaching agents, and 
more preferably, it is the only ferric complex bleaching agent. 

[001 8] Generally, the primary bleaching agent is present in the bleaching or bleach-fixing compositions of this inven- 
30 tion in an amount of at least 0.01 mol/l, and preferably in an amount of from 0.1 to 0.4 mol/l. 

[0019] The bleaching and bleach-fixing compositions can also include one or more additional biodegradable or one 
or more non-biodegradable ferricligand complexes as long as they are not the •'primary" bleaching agent. Preferably, 
the additional chelating ligands used in such complexes are biodegradable. There may also be present a minor quantity 
of non-biodegradable bleaching agents of which there are hundreds of possibilities known in the art. 
35 [0020] There are many known classes of biodegradable aminopolycarboxylic acid or polycarboxylic acid chelating 
ligands that can be used to form biodegradable ferric ion bleaching agents. One class of such chelating ligands includes 
iminodiacetic acid and its derivatives (or salts thereof), including alkyliminodiacetic acids that have a substituted or 
unsubstituted alkyl group having 1 to 6 carbon atoms (such as methyl, ethyl, n-propyl, isopropyl and /-butyl). Particularly 
useful alkyliminodiacetic acids are methyliminodiacetic acid (MIDA) and ethyliminodiacetic acid (EIDA), and MIDA is 
the most preferred. These ligands can be used in the free acid form or as alkali metal (for example, sodium and po- 
tassium) or ammonium salts. 

[0021] Still another useful class of biodegradable chelating ligands are aminodisuccinic and aminomonosuccinic 
acids (or salts thereof) including ethylenediammedisuccinic acid (EDDS) and ethylenediaminemonosuccinic acid 
(EDMS). Aminodisuccinic acids are compounds having one or more nitrogen atoms (preferably two or more nitrogen 
atoms) and preferably two of the nitrogen atoms are bonded to a succinic acid group (or salt thereof). Preferred chelating 
ligands have at least two nitrogen atoms, preferably no more than ten nitrogen atoms, and more preferably, no more 
than 6 nitrogen atoms. The remaining nitrogen atoms (not attached to a succinic acid group) are preferably substituted 
with hydrogen atoms only, but other substituents can also be present. Most preferably, the succinic acid group(s) are 
attached to terminal nitrogen atoms (meaning first or last nitrogens in the compounds). More details about such chelat- 
50 ing ligands including representative chelating ligands are provided in US-A- 5,652,085 (noted above). 

[0022] Aminomonosuccinic acids (or salts thereof) are compounds having at least one nitrogen atom to which a 
succinic acid (or salt) group is attached. Otherwise, the compounds are defined similarly to the aminodisuccinic acids 
described above. US-A-5,652,085 (noted above) also provides more details about such compounds, particularly the 
polyamino monosuccinic acids. EDMS is preferred in this class of chelating ligands. 

[0023] Still other useful biodegradable ferric ion chelating ligands include, but are not limited to, alaninediacetic acid, 
P-alaninediacetic acid (ADA), nitrilotriacetic acid (NTA), glycinesuccinic acid (GSA), 2-pyridylmethyliminodiacetic acid 
(PMIDA), citric acid and tartaric acid. 

[0024] The iron salts used to form bleaching agents in the practice of this invention are generally ferric ion salts which 
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orovide a suitable amount of ferric ion for complexation with the ligands defined below. Useful ferric salts include, but 
are not Lited to Zc nitrate nonahydrate, ferric ammonium sulfate, ferric oxide, ferric sulfate and feme ch onde. 
Ferrrni ra e is preferred. These salts can be provided in any suitable form and are available from a number of com- 
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s 5S? TsTsed herein, the terms "biodegradab.e V nd "biodegradability" refer to at least 80% ^P^^ 
Standard test protoco. specif ied by the Organization for Economic Cooperation and Development OECD), OECD 301 B 
"Rpadv Biodearadability Modified Sturm Test" which is well known in the photographic processing art. 

I up to 5 n5% of the total iron-complex b.eaching agents are non-biodegradable, such bleaching agents 
can be any 5 hundreds of possible ferric ion complexes that are known in the considerable pubhcat.ons for his art 

» Particularly useful bleaching agents of this type are ethy.enediaminetetraacetic acid diethy.enetnaminepentaacetic 
acid 1 4-cyclohexanediaminetetraacetic acid and hydroxyethylethylenediam.netnacet.c acd 

m0271 It is not necessary that the ferric ion and the chelating ligand(s) be present ,n the bleaching or bleach-t x.ng 
omposit o in stoichiomeUic proportions. It is preferred, however, that the molar ratio of the total chelating , ligand at 
least 50 mol % PDTA) to ferric iron be from 1 :1 to 5:1 . In a more preferred embodiment, the ratio. ,s 1 .1 to 2.5.1 moles 

15 SS ^S^^™^ - - «-**" « ~ing composition in an amount of at 
eastOOl mol/1 and preferably at least 0.1 mo l/l. and generally up to 1 mol/l, and preferably up to 0.25 mol/l 
0029] ™e bleaching agents" are generally provided for the present invention by mixing a ferric : ion «™^j*P; 
ically a water-soluble salt) with the desired chelating ligands (including PDTA) ,n an aqueous solution. The P H of the 

20 £2" ^^2^^^^-^ composition is an organs polyphosphonic acid (or 
ammoniu^ ■ oTaSmSrtLuts thereof), an aminopolysuccinic acid (or ammonium or alkali metal salts thereof), or a 
prcaZync add c^ntng at least one hydroxy group (or ammonium or alkali metal salts thereof) as a compound 
to prevent b eaching agent precipitation (that is. precipitation of Fe-PDTA). These b.eaching agent W^P»" 
vent on "additives" are present generally in uncomplexed form, meaning that they are not present as fernc con^plexes. 
moan Use u, organic polyphosphonic acids are organic compounds having at least two phosphonic acd (o equiv- 
alent safts) q oups and include but are not limited to, amino-N.N-dimethy.enephosphonic acds (or equivalent salts). 
amlpSC^ a Cids such aS aminodiphosphonic acids (or eqiuva.ent salts). ^^^f^Z^ 
(oT equivalent salts), and hydroxyalky.idene diphosphonic acids (or equivalent salt •>• ^™>*b J^ST^ ° 
hese various classes are shown for example in US-A-4.264,71 6 (Vincent et a ) US-A-4 892.8 04 ( V ™£££>- U ££ 
4,546.068 (Kuse), and Research Disclosure, publication 20405 (April, 1981), publication 18837 (December 1979). 
nlihliration 18826 (December 1979), and publication 13410 (June, 1975). 

pS? Prlf-idcirses of organic polyphosphonic acid compounds include aminopolyphosphonic acds and hy- 

KerSKhonfc acid)" morpho.inomethanediphosphonic acid, hexamethy.enediaminetetra-(memyfenephos- 
phonic acid), diethy.enetriaminepenta(methy,enephosphonic acid), and ^^^^T^ oraanic acids 
J0034] Aminopolysuccinic acids that are be used in this invention include but are not hmrted to an organic acds 
S aneast famine group and two or more succinic acid groups. Examples <*£*°*^ M — 
disuccinic acid EDDS (defined above) and similar compounds described in 5.652,085 (noted above)^ 
[0035, Po^carooxyric acids having at least two carboxy groups and at least one hydroxy group include organic acds 
havina at least two carboxy groups and at least one hydroxy group. „ nritr% 
OoT 6 ] Representative compounds of this type are 2-hydroxy-1 ,3-propy.enediaminetetraacet,c = acd, hydroxyaspart* 
acid citric acid tartaric acid, malic acid, citramalic acid, hydroxymalonic acd, and dihydroxyfumanc ac d. 
[0037] The e compounds that are used to prevent precipitation of Fe-PDTA can be used in m.xtures J but are generafy 
□resent in an amount of at least 0.005 mol/l, and preferably from 0.01 to 0.5 mol/l. These compounds can be readHy 
^pa^rngZ^tarting materials and synthetic procedures, or obtained from a number of commercial sources 
including Dow Chemical Company, Aldrich Chemical Co, and Solutia Inc. 

0038] Bromide or iodide ions, or both, may be present in the b.eaching or bleach-fixing composition of this ,nvem,on. 
Such ons are provided in the form of water-soluble safts including ammonium a.kal, metal 

salts The preferred salts are sodium, potassium and ammonium salts. Preferably, ammonium ions comprise at least 

[003^"^ 
ueng\hb^c^ 

agents, preservatives (such as sulfites), metal sequestering agents, ant.-scumm.ng agents, organic antioxidants, b.o 
cides anti-funqal aqents, and anti-foam agents. o«r4 
0040] Useful buffers include acetic acid, propionic acid, succinic acid, maleic acid, ma.onic acid tartaric acd, and 
other water-soluble aliphatic or aromatic carboxy.ic acids known in the art. Acetic acd and succinic acd are preferred. 
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Inorganic buffers, such as borates, hydro bromic acid and carbonates can be used if desired. The bleaching or bleach- 
fixing compositions are preferably aqueous solutions having a pH of from 4 to 8. A preferred pH is in the range of from 
5 to 7. Alternatively, the compositions can be formulated as solids materials in the form of dry powders, granules or 
tablets that upon dissolution in water have the noted pH. 
5 [0041] The photographic bleaching compositions of this invention can also be photographic bleach-fixing composi- 
tions that include one or more fixing agents as well as the noted bleaching agents. Useful fixing agents are described 
below. Preferably, however, the photographic bleaching compositions contain no photochemically active amount of a 
fixing agent, and thusly are not considered photographic bleach-fixing compositions. 

[0042] The present invention also provides photographic prebleaching compositions that can be used prior to the 
io bleaching step in color reversal processing. Such compositions can also include one or more of the "additives" described 
above for preventing precipitation of PDTA. When a portion of the prebleaching composition is carried over into the 
bleaching composition, the desired effect can be achieved. 

[0043] Prebleaching compositions ^ o~r more prebleaching chemicals such as bleach accelerating 

agents and dye stabilizing agents (such as formaldehyde or formaldehyde precursors). Sulfur-containing compounds 

*5 are most commonly used as bleach accelerating agents, and include such classes of materials as aliphatic thiols, 
heterocyclic thiols, disulfides and thioethers. More details about such compounds and other useful components of 
prebleaching compositions are provided in US-A-5,523,195 (Darmon et al), and US-A-5,552,264 (Cullinan et al). A 
particularly useful prebleaching composition of this invention includes a sulfur-containing bleach accelerating agent, 
a formaldehyde precursor, a preservative (such as a sulfite), a metal ion sequestering agent (such as EDTA), and the 

20 "additive" described above. These components are provided in the concentrations well known in the art. The amount 
of the "additive" is at least 0.01 mol/J and preferably from 0.02 to 1 mol/l. 

[0044] A photographic fixing composition is used at least after the bleaching step. If desired, more than one fixing 
step c_an be used, and one or more of those steps can precede the bleaching step as long as one fixing step follows 
the bleaching step. One or more intermediate washing steps can separate the bleaching and fixing steps if desired. 

25 [0045] A useful photographic fixing composition is an aqueous composition containing one or more photographic 
fixing agents, with or without fixing accelerators. Useful fixing agents include, but are not limited to, sulfites, thiocy- 
anates, thiosulfates, and mixtures thereof. Fixing accelerators include, but are not limited to, thioethers, and mercap- 
totriazoles. The fixing agents can be present as thiosulfate or thiocyanate salts (that is alkali metal or ammonium salts) 
as is well known in the art. Mixtures of at least one thiosulfate and at least one thiocyanate may be particularly useful 

30 in some methods of the invention, especially when more rapid fixing is desired. 

[0046] The photographic fixing solution can include other addenda commonly useful in such solutions for various 
purposes, including buffers, metal sequestering agents, and electron transfer agents. 

[0047] In some embodiments, the photographic fixing composition can include one or more uncomplexed aminodi- 
succinic acids that have one or more nitrogen atoms, and one or more of the nitrogen atoms are bonded to one or two 
35 succinic acid groups (or salts thereof) as described in US-A-6,01 3,422 granted to me. Such compounds include both 
monoaminodisuccinic acids (or salts thereof) and polyaminodisuccinic acids (or salts thereof) as described above for 
the second chelating ligand. 

[0048] Such compounds have at least two nitrogen atoms, preferably no more than ten nitrogen atoms, and more 
preferably, no more than 6 nitrogen atoms. The remaining nitrogen atoms (not attached to a succinic acid group) are 
40 preferably substituted with hydrogen atoms only, but other substituents can also be present. Most preferably, the suc- 
cinic acid group(s) are attached to terminal nitrogen atoms (meaning first or last nitrogens in the compounds). More 
details about such compounds and their preparation are provided in US-A-5,652,085 (noted above). 
[0049] Representative compounds of this type that are used as uncomplexed "additives" in the fixing composition 
include, but are not limited to, ethylenediamine-N,N'-disuccinic acid (EDDS), diethylenetriamine-N,N"-disuccinic acid, 
<*5 triethylenetetraamine-N,N ,M -disuccinic acid, 1 ^-hexamethylenediamine-N.N'-disuccinic acid, tetraethyl- 
enepentamine-N,N M "-disuccinic acid, 2-hydroxypropylene-1 ,3-diamine-N,N'-disuccinic acid, 1 ,2-propylenediamine-N, 
N'-disuccinic acid, 1 ,3-propylenediamine-N,N'-disuccinic acid, c/s-cyclohexanediamine-N.N'-disuccinic acid, trans-cy- 
clohexanediamine-N,N'-disuccinic acid, ethylenebis(oxyethylenenitrtlo)-N, N'-disuccinic acid, methyliminodisuccinic 
acid, and iminodisuccinic acid (IDSA). EDDS and IDSA are preferred. Racemic mixtures of the uncomplexed additives 
can be used, or essentially pure isomers can be used. For example, the [S,S] isomer of EDDS may be useful in this 
manner. 

[0050] Other uncomplexed biodegradable or non-biodegradable polycarboxylic acids (for example, citric acid, nitrilo- 
triacetic acid, tartaric acid, or ethylenediaminetetraacetic acid) can be included in the fixing composition as well as long 
as sufficient aminodisuccinic acid(s) are present to achieve the desired reduction in residual iron during fixing. 
[0051] The amount of fixing agent useful in the photographic fixing composition is well known in the art and is gen- 
erally at least 0.5 mol/l. Other details about fixing solutions are also well known in the art to a skilled photographic 
processing chemist. The compositions can include but are not limited to, buffers, biocides, anti-fungal agents, optical 
brighteners, preservatives (such as sulfites), organic antioxidants, anti-scumming agents, and sequestering agents. 
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[0055] Bleaching according to this .nvent.on^ can be ca ned ou ..V less than 8 proces sed 
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fixing but are readily known by those skilled in the art. arranged in coun- 

[0 059, Each of the bleaching *f 

tercurrent or concurrent flow. Any foc.ng method can ,be "^™°'^J act wjtn 9 a web or drum sur1a ce that is wet in 
to the element by high velocity jet or spray. ~ Iim „iotP dissolved silver halide, and other sub- 

can be removed using known means, such as ion excnange, e y , Drocessinq steps an d compositions 

[0061] Color reversal photographic elements are also subjected^ several ^^ZlosZns are well known. 
Sn order to provide the desired color image. Th-deta^s c ^^J^SLpme*. pre-b.each- 
For example, color reversal processing may include first t^***^'*^™^^ , herejn inc | ud ing emulsions, 

pISng moLda pro Known as P-on.ss E-6 and P.oooas «-»'°'^"5^? r ^ n9Sle|)sandcompo5 „ tor » 
POM) Colornagnlivopbo.og.aphiool.monlsa.ealaopnbioo.^ 
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mercially available color reversal photographic films that can be processed using this invention include EKTACHROME 
and KODACHROME Color Reversal Films (Eastman Kodak Company), FUJICHROME Color Reversal Films (Fuji 
Photo Film Co., Ltd.) : AGFACHROME Color Reversal Films (AGFA), KONICACHROME Color Reversal Films (Konica) 
and SCOTCHCHROME Color Reversal Films (tmation). 
5 [0067] Color reversal films particularly useful in th^e practice of this invention include those containing what are known 
as arylpyrazolone type of magenta dye forming color couplers. Such color couplers are well known in the art. One such 
compound is described in US-A-5,037,725 (Cullinan et al). 

[0068] Color negative films used in the practice of this invention are also comprised of a support having thereon a 
- plurality-of-photosensitive-silver-halide emulsion layers-that-caTi^omairr-any-conventioaal-silver-halide (or mixture 

io thereof). The silver halide layers include conventional binder materials, and other conventional addenda. Some specific 
commercially available color negative photographic films that can be processed using this invention include, but are 
not limited to^KODAK ROYAL GOLD™ films, KODAK GOLD™ films, KODAK PRO GOLD™ films, KODAK FUN- 
" T I ME™, K<SDAK EKTA PR E S S~P L U S™ f i Ims , EASTMAN E X R™ films, KODAK ADVANTiX™ films, FUJI SUPER G 
Plus films, FUJI SMARTFILM™ products, FUJICOLOR NEXIA™ films, KONICA VX films, KONICA SRG3200 film, 3M 

15 SCOTCH™ ATG films, and AGFA HDC and XRS films. - - - .... - 

[0069] A black-and-white composition used in the first development generally includes one or more black and white 
developing agents (such as dihydroxybenzenes or derivatives thereof, ascorbic acid or derivatives thereof, aminophe- 
nol and 3-pyrazolidone type developing agents) that are well known in the art, including US-A-5, 187,050 (Yamada et 
al), US-A-5,683,859 (Nothnagle et al), US-A-5, 683, 859 (noted above) and US-A-5,702 S 875 (Opitz et al). 

20 [0070] Photographic reversal compositions are also known in the art., including for example US-A-3,61 7,282 (Bard 
et al) and US-A-5,736,302 (Buongiorne et al). 

[0071] The color development is generally accomplished with a color developing composition containing the chemical 
components conventionally used for that purpose, including. color developing agents, buffering agents, metal ion se- 
questering agents, optical brighteners, halides, antioxidants, sulfites and other compounds readily apparent to one 

25 skilled in the art. Examples and amounts of such components are well known in the art, including for example U.S. 
Patent 5,037,725 (Cullinan et al), U.S. Patent 5,552,264 (Cullinan et al), EP-A-0 530 921 (Buongiorne et al.), U.S. 
Patent 5,508,155 (Marrese et al.), U.S. Patent 4,982,804 (Vincent et al.), U.S. Patent 4,482,626 (Twist et al.), U.S. 
Patent 4,414,307 (Kapecki et al.), U.S. Patent 4,876,174 (Ishikawa et al.), U.S. Patent 5,354,646 (Kobayashi et al.), 
U.S. Patent 4,264,716 (Vincent et al.), and U.S. Patent 6,037,111 (Haye et al.), all incorporated herein by reference. 

30 [0072] Useful preservatives in the color developing compositions include sulfites (such as sodium sulfite, potassium 
sulfite, sodium bisulfite and potassium metabisulfite), hydroxylamines and its derivatives, especially those derivatives 
having substituted or unsubstituted alkyl or aryl groups, hydrazines, hydrazides, amino acids, ascorbic acid (and de- 
rivatives thereof), hydroxamic acids, aminoketones, mono- and polysaccharides, mono- and polyamines, quaternary 
ammonium salts, nitroxy radicals, alcohols, and oximes. More particularly useful hydroxylamine derivatives include 

35 substituted and unsubstituted monoalkyl- and dialkylhydroxylamines (especially those substituted with sulfo, carboxy, 
phospho, hydroxy, carbonamido, sulfonamido or other solubilizing groups). Mixtures of compounds from the same or 
different classes of antioxidants can also be used if desired. 

[0073] Examples of useful antioxidants are described for example, in U.S. Patent 4,892,804 (noted above), U.S. 
Patent 4,876,174 (noted above), U.S. Patent 5,354,646 (noted above), U.S. Patent 5,660,974 (Marrese et al.), U.S. 
40 Patent 5,646,327 (Burns et al.), and U.S. Patent 6,077,653 (McGarry), the disclosures of which are ail incorporated 
herein by reference for description of useful antioxidants. Many of these antioxidants are mono- and dialkylhydroxy- 
lamines having one or more substrtuents on one or both alkyl groups. Particularly useful alkyl substituents include 
sulfo, carboxy, amino, sulfonamido, carbonamido, hydroxy and other solubilizing substituents. 

[0074] Most preferably, the noted hydroxylamine derivatives can be mono- or dialkylhydroxylamines having one or 
^5 more hydroxy substrtuents on the one or more alkyl groups. Representative compounds of this type are described for 
example in U.S. Patent 5,709,982 (Marrese et al.), incorporated herein by reference. 

[0075] Specific di-substituted hydroxylamine antioxidants include, but are not limitedto: N,N-bis(2,3-dihydroxypropyl) 
hydroxylamine, N,N-bis(2-methyl-2,3-dihydroxypropyl)hydroxylamine and N,N-bis(1 -hydroxymethyl-2-hydroxy-3-phe- 
nylpropyl)hydroxylamine. The first compound is preferred. 
so [0076] Particularly useful color developing agents include aminophenols, p-phenylenediamines (especially N,N-di- 
alkyl-p-phenylenediamines) and others which are well known in the art, such as EP 0 434 097A1 (published June 26, 
1991) and EP0 530 921A1 (published March 10, 1993). 

[0077] Preferred color developing agents include, but are not limited to, N,N-diethyl />phenylenediamine sulfate 
(KODAK Color Developing Agent CD-2), 4-amino-3-methyl-N-(2-methane sulfonamidoethyl)aniline sulfate, 4-(N- 
55 ethyl-N-0-hydroxyethylamino)-2-methylaniline sulfate (KODAK Color Developing Agent CD-4), p-hydroxyethylethyl- 
aminoaniline sulfate, 4-(N-ethyl-N-2-methanesulfonylaminoethyl)-2-methylphenylenediamine sesquisulfate (KODAK 
Color Developing Agent CD-3), 4-(N-ethyl-N-2-methanesulfonylaminoethyl)-2-methylphenylenediamine sesquisulfate, 
and others readily apparent to one skilled in the art. A most preferred color developing agent is KODAK Color Devel- 
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oping Agent CD-4 for the processing ^^Xu^os P H of from about 8 to about 1 2, and preferably from 

SollbC^ 

A skilled worker would readily appreciate which buffers would be best for a > g,en ^pH. 

5 SonS^^ 

0 530 832<Komaeta,^ patent 
3 S«« ^uTp^^^e, U.S. Patent 6,^.764 (McGuckin et a,,, and U.S. 

SETS Jo^^a^vid*, ,o i»u„,a,a «. .»«.*„, a„C „« » be Mft, h an, -aah»n. 
Comparative Example 1: Effect of Phosp hate Concentration 

[0083] A concentrated photographic bleaching composition was prepared by adding in order: 

250 m! of water 
25 ml of ammonium hydroxide 
29.1 g of PDTA 
10.55 g of acetic acid 
14.7 g of ammonium bromide 
ammonium hydroxide, to pH 7 
52. 7 g of ferric nitrate (added as a 39% solution) 
dilute ammonium hydroxide to pH 5.0, and 
water to make final volume of 400 ml. 

formed. The concentrations of phosphate and the results are shown m TABLE I below. 



15 
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TABLE I 



55 



Sample 


NaH 2 P0 4 Concentration (mol/l) 


Condition After 1-Day Standing 


1 


0.000166 


Clear 


2 


0.000332 


Clear 


3 


0.000664 


Slightly cloudy 


4 


0.00133 


Cloudy 


5 


0.00199 


Cloudy 


6 


0.00332 


Very cloudy 


7 


0.00498 


Very cloudy 


8 


0.00664 


Gelled 


9 


0.00830 


Gelled 


J 10 


0.00996 


Gelled 
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[0086] The concentration of phosphate in a seasoned bleaching solution can be calculated from the phosphate 
present in a color developing and prebleaching solutions and the carryover and replenishment rates of various solutions. 
In the most common processing machine used for color reversal film processing, the type known as a rack and tank 
processor, the amount of processing solution carried over from one tank to the next is generally 20 ml of solution per 

5 square foot of film (216 mt/m 2 ). Normal replenishment rates used in the conventional Process E-6 color reversal process 
are 200 ml/ft 2 of film (2.16 l/m 2 ) for the color developing composition, 100 ml/ft 2 (1.108 l/m 2 ) for the prebleaching 
composition, and 20 ml/ft 2 (216 ml/m 2 ) for the bleaching composition. From these rates it can be calculated that a 
completely seasoned prebleaching composition will contain 20% color developing composition and a completely sea- 
- soned bleachingcomposition would contain-50% prebleaching composition. 

10 [0087] Using the calculations noted above, it was determined that the amount of phosphate in a completely seasoned 
bleaching composition would be 0.01 66 mol/l if the standard commercial Process E-6 color developing and prebleach- 
ing compositions (available from Eastman Kodak Company) are used. If a prebleaching composition without phosphate 
is used in the process, the amount of phosphate in a completely seasoned bleaching solution would be 0.012 mol/l. 
The results shown in TABLE I indicate that both of these phosphate concentrations are sufficient to cause Fe-PDTA 

15 precipitation. 



Examples 1-11: Evaluation of Precipitation Prevention Additives 

[0088] The concentrated bleaching composition shown above was used in the following precipitation experiments. 
For each experiment, 8 ml of the concentrated composition was placed in a vial along with 1 ml of a 0.12 mol/l solution 
of NaH 2 P0 4 and the "additive" to be tested as indicated in TABLE 1 1 below. After mixing the samples, they were adjusted 
to pH 5 if necessary using ammonium hydroxide. The concentration of phosphate in each sample was 0.012 mol/l. 
[0089] In TABLE II, the last column describes the condition of the sample after standing for 1 day. Control A contained 
no "additive" and the precipitate formed after 1 hour. Other Control samples contained "additives" outside the scope 
of the present invention. In the compositions of this invention, the concentration listed in TABLE II is the approximate 
concentration of "additive" needed to prevent precipitation of Fe-PDTA for at least 5 days. Lower concentrations would 
also be effective perhaps for shorter periods of time. For the most effective "additives", the amount required to prevent 
precipitation for 1 day or longer was found to be at least 50% of the phosphate concentration .Thus, under the conditions 
used for these experiments, at least 0.006 mol/l of "additive" is needed for desirable results. 



TABLE II 



Sample 


"Additive" 


Condition After- 1- Day 
Standing 


Control A 


None 


Gelled 


Control B 


0.05 mol/l succinic acid 


Gelled 


Control C 


0.05 mol/l gluconic acid 


Gelled 


Control D 


0.05 mol/l hydroxyethylethylene-diaminetriacetic acid 


Gelled 


Example 1 


0.09 mol/l citric acid 


Clear 


Example 2 


0.05 mol/l tartaric acid 


Clear 


Example 3 


0.1 malic acid 


Clear 


Example 4 


0.02 mol/l 1-hydroxyethylene-1,1-diphosphonic acid 


Clear 


Example 5 


0.013 mol/l 2-hydroxy-1,3-propylene-diaminetetraacetic acid 


Clear 


Example 6 


0.03 mol/l 2-phosphonobutane-1 ,2,4-tricarboxylic acid 


Clear 


Example 7 


0.02 mol/l iminodisuccinic acid 


Clear 


Example 8 


0.05 mol/l ethylenediaminedisuccinic acid 


Clear 


Example 9 


0.05 mol/l ethylenediaminetetra-(methylenephosphonic acid) 


Clear 


Example 10 


0.025 mol/l morpholinomethanedisphosphonic acid 


Clear 


Example 11 


0.05 mol/l hexamethytenediaminetetra-(methy!enephosphonic 

acid) 


Clear 
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Example 12: Bteaching Composition 

[0090] A bleaching composition of this invention was prepared by mixing the following: 



Water < 


0.20 liters 


Ammonium hydroxide 


50.00 ml 


PDTA 


0.22 mol/l 


Acetic acid 


21 .10 grams 


Ammonium bromide 


29.40 grams 


Ammonium hydroxide 


to pH7 


Ferric nitrate (42% solution) 


92,16 grams 


Iminodisuccinic acid, tetrasodium salt (32% solution) 


0.030 mol/l 


Ammonium hydroxide or nitric acid 


to pH 5.0 


Water to make 


1 .00 liter 



Example 13: Processing of Color Reversal Film 

[00911 The bleaching composition of Example 12 was used to process samples of imagewise exposed KODAK 
EKTACHROME Elite II 100 Color Reversal Film. The other processing steps and solutions used in this example were 
conventional Process E-6 processing solutions commercially available from Eastman Kodak Company. Bleaching was 
acceptable without Fe-PDTA precipitation, and the desired color positive image was obtained. 

Example 14: Prebleachinp, Composition 

[0092] A prebieaching composition of this invention was prepared by mixing the following: 



Water 


0.70 liters 


Potassium sulfite 


3.95 grams 


Sodium formaldehyde bisulfite 


16.00 grams 


Succinic acid 


4.00 grams 


Thioglycerol bleach accelerating agent 


0.0048 mol/l 


2-hydroxy-1 ,3-propylenediaminetetraacetic acid 


0.045 mol/l 


Potassium hydroxide or sulfuric acid 


to pH 5.4 


Water to make 


1.00 liter 



Example 15: Bleaching of Color Negative Film 

[0093] A bleaching composition useful in this invention was prepared by mixing the following: 



Water 


0.20 liters 


Ammonium hydroxide 


50.00 ml 


PDTA 


0.22 mol/l 


Acetic acid 


21 .10 grams 


Ammonium bromide 


29.40 grams 


Ammonium hydroxide 


to pH7 


Ferric nitrate (42% solution) 


92.16 grams 


Iminodisuccinic acid, tetrasodium salt (32% 


0.030 mol/l 


solution) 




Ammonium hydroxide or nitric acid 


to pH 5.0 


Water to make 


1 .00 liter 



100941 This bleaching composition was used to process samples of imagewise exposed KODAK GOLD MAX 800 
Film The other processing steps and solutions used in this example were conventional C-41 processing solutions 
commercially available from Eastman Kodak Company, except as noted below. Color development was earned out 



10 



EP1 193 549 A2 

using KODAK FLEXICOLOR Developer to which disodium phosphate had been added at a concentration of 0.1 3 mol/l. 
[0095] Bleaching of the film samples was acceptable and no Fe-PDTA precipitation was evident in the bleaching 
composition. The desired color negative image was obtained and appeared identical to the image on a sample of the 
same film that had been processed using the conventional C-41 process conditions and processing solutions. 



Claims 

- 1 . A photographic bleaching or bleach-fixing composition that in aqueous form has a pH of at least 4 and comprises: 

10 

a) at least 0.01 mol/l of a bleaching agent that comprises ferric ion chelated with 1 ,3-propylenediaminetetraace- 
tic acid or a salt thereof, 

the composition characterized as further comprising at least 0.005 mol/l of an organic polyphosphonic acid, 
an aminopolysuccinic acid, or a polycarboxylic acid containing at least one hydroxy group as a compound to prevent 
bleaching agent precipitation. 

The composition of claim 1 wherein the bleaching agent precipitation prevention compound is present in an amount 
of from 0.01 to 0.5 mot/I. 

The composition of claim 1 or 2 wherein the bleaching agent precipitation prevention compound is an aminopol- 
yphosphonic acid or a hydroxy-substituted polyphosphonic acid, or a salt of any of these. 

The composition of any of claims 1 to 3 wherein the bleaching agent precipitation compound is 1 -hydroxyethylidene- 
1,1-diphosphonic acid, ethylenediaminetetra(methylenephosphonic acid), morpholinomethanediphosphonic acid, 
hexamethylenediaminetetra-(methylenephosphonic acid), diethylenetriaminepentafmethylenephosphonic acid), 
2-hydroxy-1 ,3-propylenediaminetetraacetic acid, hydroxyaspartic acid, citric acid, tartaric acid, malic acid, citramal- 
ic acid, hydroxymalonic acid, or dihydroxyf umaric acid, a salt of any of these, or mixtures of any two or more of these. 

The composition of any of claims 1 to 4 further comprising at least 0.0005 moi/l of inorganic phosphate ions. 

A photographic prebleaching composition comprising: 

a) at least 0.001 mol/l of a bleach accelerating agent, 

the composition characterized as further comprising at least 0.01 mol/l of an organic polyphosphonic acid, 
an aminopolysuccinic acid, or a polycarboxylic acid containing at least one hydroxy group as a compound to prevent 
bleaching agent precipitation. 

The composition of claim 6 wherein the bleaching agent precipitation compound is present in an amount of from 
0.02 to 1 mol/l. 

A method of photographic processing comprising bleaching an imagewise exposed and color developed color 
reversal or color negative photographic silver halide element with the bleaching composition of any if Claims 1 to 5. 

The method of claim 8 wherein the bleaching of at least 95 % of the silver is carried out for from 60 to 360 seconds 
at from 25 to 50°C. 

10. The method of claim 8 wherein the bleaching is carried out for from about 30 to about 90 seconds at from about 
50 25 to about 50°C. 

11. The method of claim 8 wherein the imagewise exposed and color developed cotor reversal photographic silver 
halide element is a color reversal material and is processed using the photographic prebleaching composition of 
claim 6 or 7 after color development and prior to the bleaching. 

55 
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